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An expressed sequence tag (EST) is simply a segment of a sequence over 150 bp from a ran-
domly selected ¢cDNA. EST helps to quickly identify functions of expressed genes and to und-
erstand the complexity of gene expression with database comparison. Sequencing of random
cDNA clones can be applicable to discovery of new genes, mapping of the genome, iden-
tification of coding regions in genomic sequences, and antisense method. To accomplish these
goals, in this research, randomly selected cDNA sequencing was performed with watermelon
plant. Among 30 clones picked up and analyzed, all clones had an insert length over 0.5 kb.
The average size of insert was about 1.3 kb. The size range of most cDNA insert was 1.0-2.0
kb. For sequence comparison, data from the coding region at §' end of selected ¢cDNA should
be much more informative than those from the untranslated 3' tail. Thirty clones were
sequenced from one end (5' end). Of these, 29 had no poly (A) tail in this direction, while
only one was inverted. Thus, this library is over 96% unidirectional. Two clones had homo-
logies to ribulose bisphosphate carboxylase/oxigenase (Rubisco) small subunit precursor gene.
Thirteen ¢cDNAs had high degree of sequence similarity to genes from other organisms. The
remaining cDNA clones seem to be new genes not only in watermelon but also in all or-

ganisms.
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Genome biology has its major goal in the iden-
tification of all of the functional genes in the
genome and the structure of genome. An expressed
sequence tag (EST) is simply a segment of a se-
quence over 150 bp from a randomly selected
c¢DNA that corresponds to an mRNA. The cxpressed
genes are ultimately responsible for the charac-
teristics of organisms. Specific genes are important
for characterizing the species taxonomically (Sasaki
et al., 1994). ESTs have also served as molecular
genetic markers in genomic mapping (Kurata et al.,
1994; Shen et al., 1994). Adams et al. (1991, 1992)
were the first to show that, in humans, even partial
sequencing of randomly chosen cDNA clones can
provide a large amount of information concerning
the genetic makeup of an organism and can generate
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scquence-tagged markers for the genome mapping.
With almost 3,400 ¢cDNA clones reported from hu-
man brain, about 17% of the sequenced clones cod-
ed for already reported gene products, including
genes reported from Escherichia coli, Saccharomyces
cerevisiae, Cacnorhabditis elegans, Drosophila mela-
nogaster and several plants.

In the area of plant species, two major cDNA
sequencing projects have been conducted in Ara-
bidopsis and in rice (Uchiyama et al., 1992; Hofte
et al., 1993; Newman et al, 1994; Sasaki er al.,
1994). Over 21,044 Arabidopsis and almost 11,015
rice sequences had been registered in dbEST. Ap-
proximately 32% of EST c¢DNA clones of Ara-
bidopsis and 35% rice have sequence similarity to
known proteins from ecither microbes, plants, or an-
imals. Plant ESTs also have been reported in the
published literature for 200 maize ¢DNAs (Kcith er
al., 1993) and 197 Brassica nuapus cDNAs (Park et
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al,, 1993). Various other organisms, such as nema-
tode (McCombie et al., 1992; Waterson et al., 1992),
mouse (Hoog.. 1991) have also been examined by
extensive sequencing of randomly selected ¢DNA
clones. Recently, partial sequencing of 1,216 ran-
domly selected ¢cDNA clones from chinese cabbage
flower buds and classification of these clones based
on the biological functions of the encoded proteins
were reported The enormous accumulation of ESTs
has led to the establishment of dbEST (Boguski er
al., 1993, 1994). The processes of scarching, re-
trieving, and submitting ESTs have been greatly fa-
cilitated by e-mail or internet file transfer protocol
(Boguski et al., 1993, 1994; Newman et al., 1994).

Plants, in addition to being important targets for
improvement by genetic engineering, provide op-
portunities to study distinct biological aspects, in-
cluding plant-specific developmental patterns and in-
tricatc associations with many environmental factors
such as plant-microbe interactions and unique de-
fense processes. Despite of recent technological im-
provements and a large cffort to isolate plant genes,
plant gene resources are still very limited. Current
approaches for isolating plant genes, such as chro-
mosome walking or gene tagging, are, in most cases,
fairly expensive and time-consuming and do not pro-
vide cnough plant gene resources. To address genes
of unknown function in the cDNA sequencing pro-
jects is to define highly conserved domains or struc-
tural motives among homologous genes from  het-
erologous organisms. Such an approach may be pos-
sible once a large number of genes are compiled
from many different species.

To accomplish thesc goals, in this rescarch, ran-
domly selected cDNA sequencing was performed
with  watermelon plant.  Watermelon  [Citrullus
lanantus (Thunb.) Manst.] is the one of important
vegetables, which can compete with imported veget-
ables and has a best palatability for the most Korcan.
Considering the rapid devclopment of gene charact-
erization in various crops, this approach will con-
tribute the completion of goals in genome biology
of watermelon.

MATERIALS AND METHODS

Plant Materials

Commercial F, hybnd seeds of watermelon [Citrullus
lanantus (Thunb.) Mansf.] were used. The plants of
watermelon were grown in the pots. The day/night
temperature was 32°C/24°C. Leaves of 8-week-old
leaves were collected for isolation of mRNA to con-
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struct cDNA library.

Total and poly(A)' RNA Isolation

Total RNA and poly(A)Y RNA were extracted
from leaf tissue according to the method described
by Hong et al. (1996). The quality of RNA was
checked by UV spectrophotometer (ODsga40=1.7-2.0)
and 1.0% agarosc-formaldehyde gel (rRNA bands
should be obvious and distinct).

Construction of cDNA Library

A commercial complementary DNA synthesis kit
purchased from Stratagene was used to construct a
proper watermelon ¢cDNA library. To produce single-
stranded cDNA appropriate for directional cloning, 5
pg of poly(A)" RNA was primed with a oligo(dT)
primer having a Xhol sitc at the 3' end. Double-
stranded cDNA was synthesized by RNase H and E.
coli DNA polymerase. A pool of synthesized double-
stranded cDNAs was fractionated through sephacryl
5-400 spin column. After Ligation of FcoRI linkers
onto the ¢cDNA, it was digested with EcoRI and
Xhol, and finally ligated into an EcoRIl-Xhol-cut A
Uni-ZAP vector. Ligated DNA was packaged in vi-
tro using a commercial extract. This ¢cDNA library
contained 1x 10 primary plaques and was amplificd
to a titer of 8 < 10" pfu/ml.

Template Preparation and Nuclotide Sequencing

Phagemid templates for the 30 clones from the
¢DNA library were produced by randomly picking
each single plaques from the primary library onto a
lawn of £. coli SOLR™ strain, which had been plat-
ed on LB agar containing 100 yg/ml ampicillin. The
resulting amp’ colonies were grown at 37°C in 5-ml
cultures of LB medium containing 100 pgg/ml am-
picillin. Phagemids were extracted according to the
method described by Hong er «l. (1996). Single-
stranded template was prepared using VCSMI13 help-
cr phage according to Stratagene's single-stranded
rescue protocol.

Manual nucleotide sequencing was performed by
the standard dideoxy chain termination method on
single stranded DNA using the Sequenase version 2.
0 DNA-sequencing kit (USB, US.A)) and [a-"S]
dATP (DuPont, U.S.A)) with T, promoter primer.
For double strand phagemid <..wcncinge. the sequenc-
ing reaction was performed with [OP = DNA cycle
sequencing system (Korea Biotech. Inc., Korea).
Those nucleotide scquencing reaction were carried
out according to the method described by Hong er
al. (1996).
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Computer Analysis of Sequences

Sequences were edited manually to remove vector
and ambiguous sequences at the ends. In general, the
sequence information of insert was obtained from ap-
proximately 150-300 nuclotides of each clone. Nu-
cleotide and amino acid sequence analysis was per-
formed using the DNASIS (Hitachi, Japan) and
PCGENE software (Intelligenetics, Switzerland). The
insert sequence was compared to GenBank entries
first at the amino acid level with the BLASTX sub-
routine and at the nucleotide level by the BLASTN
subroutine (Altschul et al., 1990). Similarity was con-
sidered significant when the percentage of identity
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was higher than 40% at the amino acid level or if the
BLASTX PAMI120 score was greater than 80.

RESULTS AND DISCUSSION

Characterization of cDNA library

A watermelon ¢cDNA librarv was constructed us-
ing 5 pg of poly(A) mRNA isolated from waterme-
lon leaves. The reccombination rate was higher than
93%. The primary library contained 1x 10 recombi-
nant phage and after plaque amplification, the serial
titering of amplified plaques showed that the library
contains approximately 8x 10" pfu/ml SM buffer

Table 1. Putatively identified watermelon ESTs by the database search

Clone putative identification species’ database” No. length" ((I?m;“iv) score in::rltc ((IZlpr)
1 EDPG precursor CA Gl 285741 43 68 176 1.3
2 carbonic anhydrase A SP P27140 36 66 135 1.0
3 ribulose bisphosphate carboxylase Cu SP PO8474 39 82 175 1.8

small chain precursor
4 unmatched 1.5
5 unmatched 1.0
6 unmatched 0.5
7  unmatched 0.5
8 unmatched 1.0
9  ribulose bisphosphate carboxylase CU SP P24007 65 72 253 2.0
10 small chain precursor TO PIR §42085 58 74 242 1.5

shaggy-like protein kinase
11 chloroplast elongation factor TuB TO GI 218312 41 97 217 1.5
12 unmatched 0.5
13 unmatched 3.0
14 unmatched 0.6
15 unmatched 1.0
16  unmatched 1.5
17 NAM gene product PE GNI/PID  e205713 25 68 101 1.0
1¥  unmatched 1.8
19 unmatched 1.5
20 phospho-2-dehydro-3- deoxy TOM SP P37215 32 71 134 2.0

heptonate aldolase 1 precursor
21 unmatched 1.7
22 unmatched 1.1
23 lipase A GI 1145627 52 59 172 1.6
24 unmatched 1.2
25 unmatched 1.6
26 608 ribosomal protein LIB A Gl 17281 56 67 204 0.8
27 putative small subunit of TFIIA gene A GNI/PID  ¢253416 77 84 334 1.2
28 unmatched 1.1
29 receptor-like kinase A Gl 1405837 61 45 135 0.9
30 ribulose bisphosphate carboxylase/ CU SP Q01587 72 88 358 1.5

oxygenase activase precursor

‘Species abbreviations: A, Arabidopsis; CA, Carrot; CU, Cucumber. PE, Petunia; TO, Tobacco, TOM, Tomato.
"Data base (DB) abbreviations: GI, NCBI-gi; PIR, Protein Identification Resources; GN1/PID. EMBL: SP, SwissProt.
‘Number indicates database accession number of the matched sequences.

“Length indicates length of identical or similar amino acid residues for peptide matches.

‘a.a. means amino acid.
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and was considered to have adequate representation
of the expressed genes. A suitable library will have a
low percentage of clones with no inserts or very
short inserts. Among 30 clones picked up and analyz-
ed, all clones had an insert length over (.5 kb. This
length was long enough to do similarity search after
translating the nucleotide sequence to the amino acid
sequences. The size distribution of the 30 clones was
0.5 to 3.0 kb, with an average valuc of 1.3 kb, and
with 24 clones being larger than 1 kb. The size range
of most cDNA inserted was 1.0-2.0 kb, probably re-
flecting the abundance of ¢cDNAs of this size in the
library used. The individual sizes of clones are listed
in the Table 1, and presented in Fig. 1.

For sequence comparisons, data from the coding
region at 5' end of a poly (A)-selected cDNA should
be much more informative than those from the un-
translated 3' tail. For all of the clones from this li-
brary, the sequences were obtained only from the pu-
tative 5' end of the cDNA to enhance the probability
of obtaining coding sequence. To confirm the direc-
tionality of this library, 30 clones were sequenced
from one end, using T, promoter primer. Of these,
29 had no poly (A) tail in this direction, while only
one (clone 19) was inverted. Thus, this library is
over 96% unidirectional. Potential contamination of
a cDNA library with genomic sequence is a matter
of concern (Burglin and Barnes, 1992), but in this
experiment the presence of a poly (A) tail at the 3'
end confirms that this library is essentially free of
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Fig. 1. Restriction digestion of 30 sequenced cDNAs with
BstX1 and Xhol. M: 1kb ladder molecular weight marker.
Arrows indicate the molecular weight of DNA fragments.
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such sequences.

Estimation of Insert Redundancy

In any cDNA sequencing project, there will come
a point at which the percentage of previously analyz-
c¢d ¢DNAs makes further sequencing unproductive.
The use of differentially selected clones as opposed
to randomly selected clones has been shown to ex-
tend the usefulness of the library (Hoog, 1991), as
has the preparation of "sorted" libraries (Waterson et
al., 1992). In this experiment, to identify insert dul-
pication, the clones which were assigned to have the
putatively same function at GenBank and PIR data-
base were analyzed by the program PCGENE. Two
clones had a homology to ribulose bisphosphate car-
hoxylase/oxigenase (Rubisco) small chain precursor
gene in several plants. In analyzing the two clones,
it was found that those clones were the same (Fig.
not shown). Remaining 28 clones had no match of
same gene. Although small number of clones were
sequenced and analyzed, this result showed that this
general ¢DNA library had no problem of insert
redundancy.

Sequencing errors

Single strand sequencing is not particularly ac-
curate. Although it is not possible to determine the
cxact error rate for a specific single strand sequence
without having the double strand sequence for com-
parison, error rate estimates of 2% (Adams et al.,
1991) and 0.5% (Hoog, 1991) have been made for
cntire projects.

In this research, each single strand cDNA se-
quence was not compared to double strand sequence
and previously sequenced watermelon cDNA in the
database. Only one single strand sequence (clone 1)
was compared to the same double strand cDNA se-
quence (Fig. 2). In this comparison, (.3% ambiguity
was found. Since the database of watermelon cDNA
clones is very limited, estimation of sequencing ac-
curacy in comparison with the previously sequenced
databasc was impossible. In the near future, water-
melon ¢cDNA clones large-scale sequencing will be
performed in our lab. This means that another plant
gene sequence database for genome biology will be
added, and this will be able to compare the pre-
viously sequenced database.

Sequence comparisons

GenBank and PIR searches were conducted with
the "Basic Local Alignment Search Tool" programs
for nucleotide (BLASTN) and peptide (BLASTX)
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8ingle = CTACCTCCTTCCRCCCCAAATCCCTCCTTCTOCCTGTCACCAAACACCCA -50
[

double = CTACCTCCTTCCBCCCCAAATCUCTCCTTCTCCCTGTCACCAAACACCCA -50

single = TCTCTCCAATACATCACCCACATCCACCAACBAACCCCTCTOETTOCACT -100

.................................................
............................................

double mrmmmnmmmm -100

e N T i i il T o oNIING 100
double - CAAGCTCACOGTCBAACCTCOOCGGTCAGTTCATUTGGGTCBACTOTOAC -150
e T T T A T r T T T
double - COTOGCTACGTTTCTTACCACTTACKAGCLTOCCACTTTOCOCT B0t ~200
single - CAATGCCACCTCCCTCTAAATCCAGTICCTOCOOCOAGTOCTTTTCECE ~248
double - CAATGOCACCTOGCCTCTAAATCCAGTTCCTOCGGCGAGTGCTTTTCRCC ~250

single - BCOBCECCCTAGCTRCAACAACAACACGTGOGGCCTCTT -287

double - mmmmimmm ~289

Identity 286 ( 99.7x)

Fig. 2. Comparison of single- and double-stranded sequen-
ces of putatve EDPG precursor (clone 1).

comparisons (Altschul er al,, 1990). Sequence sim-
ilarities identified by the BLAST programs were con-
sidered statistically significant with a Poisson p-
value < (.01. The Poisson p-value is the probability
of as high a score occuring by chance, given the
number of residues in the query sequence and the da-
tabase. Deduced amino acid sequence homology
between a cDNA and a known sequence was deem-
ed significant if the BLAST PAM 120 score was
greater than 80. All 30 sequences were automati-
cally translated in the three reading frames and com-
pared with the protein sequence database in GenBank
using the subroutine BLASTX. If no significant homol-
ogy was found, the sequences were subsequently com-
pared at the nucleotide level using BLASTN. It was
found that BLASTN subroutine useful for detecting
similarities to randomly sequenced cDNAs from other
organisms (Shen et al., 1994).

Database comparisons of 30 cDNAs (using BLA-

STX) revealed that 13 ¢cDNAs had a high degree of

sequence similarity to genes from other organisms
(Table 1). These cDNAs have been provisionally
characterized based on the following criteria @ (a)
PAM 120 scores over 80, (b) the prescence of ap-
propriate conserved residues and (c) the biological "
appropriateness" of the identification. Although none
of these criteria are absolute and biological appropri-
ateness is not quantifiable, use of this approach is
likely to yield fewer incorrect assignments (Keith er
al., 1993).

The c¢cDNA clones with significant similarities to
the protein-coding sequences in the PIR and Gen-
Bank databases are listed in the Table 1. Thus, 43%
of the sequenced cDNAs showed clear similarity to
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identifiable genes. This percentage is slightly lower
than that of reported for randomly selected human
brain cDNAs (52%; Adams et al., 1991) or ran-
domly selected mouse cDNAs (44%; Hoog, 1991).
However, differential selection from a mouse library
to yield a "rare" group of cDNAs also gave a low
percentage (25%) of identifiable genes (Hoog, 1991).
Likewise, an analysis of over 2000 human genes
from several types of libraries resulted in the iden-
tification of 17% of the genes (Adams er al., 1992).
Identification rate in Caenorhabditis elegans cDNA
projects are also in the range of 25 to 30%
(McCombie et al., 1992; Waterson et al., 1992). As
more watermelon cDNAs are sequenced, can the per-
centage of identified ¢cDNAs maintain or cven in-
crease? This may scem unlikely because the pool of
identified plant genes is relatively small.

In looking through Table 1, it can be seen that a
very diverse group of gene types have been iden-
tified, despite the somewhat lower number of clones
actually sequenced. Two clones (clone 26 and 27)
were identified as 'housckeeping' genes, ie. genes
that might be expected to be found in any cell type,
with representatives from various metabolic path-
ways such as glycolysis, carbohydrate metabolism,
transcription, translation and protein degradation, etc.
Clone 26 had a 52.2% homology to 60S ribosomal
protein. Ribosomal proteins are fundamental proteins
for living systems and have been studied in detail
for their amino acid sequences (Sasaki er al., 1994).
Clone 27 was identified to be the small subunit of
transcription factor 1A (TFIIA). Initiation of mam-
malian mRNA synthesis requires at least cight gen-
eral transcription initiation factors, termed TFIIA, B,
D, E, F, G, H, and J. Three genes (clone 1, 10 and
29) were also identified to be involved in signal
transduction. Clone 1 had a 42.6% similarity in
EDGP (cxtracelluar dermal glycoprotein) precursor.
This protein, previously called GP 57, is now ref-
erred to as EDGP. Clone 10 had a 42.3% homology
to the shaggy like protein kinase. Shaggy belongs to
the class of segment-polarity genes, necessary for
correct pattern formation within each segment. It
also plays a role in epidermal cell differentiation in
the adult fly (Bourois et al., 1989; Simpson et al.,
1988). Clone 29 showed 41.7% similarity to an Ara-
bidopsis receptor-like serine/threonine protein kinase.
Recent reports on the cloning and sequencing of
plant genes showing sequence similarities to animal
receptor kinases suggested that in plants, as like oth-
er eukaryotes, cell surface receptors of the protein ki-
nase family most likely play a fundamental role in
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signal transduction (Stone and Walker, 1995).

Other clones exhibited high similanity to genes which
would be suspected to tissue- or situation-specific.
Clone 2 had a 38.2% homology to carbonic anhy-
drase (CA). CA catalyzes the reversible hydration of
CO, to bicarbonate and is one of the most abundant
soluble proteins in the leaves of C, higher plants.
Most localization studies indicate that CA is found
in the chloroplast of C; plants and primarily within
the cytosol of mesophyll cells of C, species. Clone 3
and 9 showed 47.3% similarity to a ribulose-1.5-bis-
phosphate carboxylase/oxygenase (Rubisco) small su-
bunit as mentioned previously. Copy number of the
gene is four to six. Clone 30 had a 67.4% homology
to a ribulose-1.5-bisphosphate carboxylasc/oxygenase
activase gene. Rubisco activation state is regulated by
Rubisco activase, a soluble chloroplast enzyme (Salvu-
ccl et al., 1985; Portis ef al., 1987). Clone 11 showed
a 84.2% similarity to chloroplast elongation factor Tu.
Elogation factor Tu plays an essential role in protein
synthesis; it binds aminoacyl tRNAs and GTP, associa-
tes with the A site of ribosomes, and consequently
directs the elongation of polypeptides on ribosomes.
Clone 17 had a 38.2% homology with 'No Apical Mer-
istem' (nam) gene of Petunia. The nam gene is requir-
ed for SAM formation during embryogenesis. Clone 20
showed a 44.3% similarity to 3-deoxy-D-arabino-hep-
tulosonate 7-phosphate synthasc. DAHP synthase is
the first enzyme of the shikimate pathway in plants
and bacteria. Clone 23 had a 47.9% homology to
lipase in Arabidopsis thaliana. True lipases, which at-
tack the fatty acyl linkage of water-insoluble triacyl-
glycerols, are present in high activities in oil seeds
(Galliard, 1980). Results from this analysis are cs-
sentially hypotheses that must be tested by other cri-
teria.

Our results indicated that most identified cDNAs
with high similarity to known proteins in the a-
bundantly expressed group than that of rare group.
This is probably not too surprising in that the a-
bundantly expressed genes are generally easier to iso-
late. In mouse, comparison of ESTs to the database
found that 90% of abundantly expressed sequences
detected a significant similarity while only 25% of
sequences in the rarely expressed group yielded
such a result (Hoog, 1991). Onc of the ways in
which this way be accomplished i1s by the con-
struction of a normalized library in which all cDNA
clones are represented with similar abundance. The
remaining 57% of the sequenced ¢cDNAs seem to be
new genes not only in watermelon but also in all or-
ganisms. It is necessary that further analvsis has to
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be done to identify the function and other in-
formations of the clones. The clones which are
matched with the database in this experiment will be
submitted to dbEST. This will contribute to ac-
complish the goal of genome biology.
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